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Introduction 

In  recent  years,  large  and  small-scale  disturbance  events,  such  as  wildfire,  land  conversions,  air 
pollution,  insect  and  disease  epidemics,  have  focused  our  collective  attention  on  the  health  of 
our  nation's  forested  ecosystems.  The  American  public  and  forest  land  managing  agencies  are 
interested  in  understanding  what  long-term  trends  are  exhibited  in  healthy  forests,  what 
impacts  land  management  has  on  healthy  forests,  what  practices  maintain  healthy  forested 
ecosystems,  and  which  components  or  combination  of  forest  systems  lead  to  a  healthy  and 
functioning  ecosystem.  In  response  to  these  environmental  concerns  and  to  legislative  and 
policy  direction,  several  Federal  and  State  agencies  have  been  working  together  to  develop  a 
program  for  monitoring  and  reporting  on  the  status,  trends,  and  change  of  forested  ecosystem 
health.  The  Forest  Health  Monitoring  (FHM)  program  was  authorized  in  1990  to  accomplish 
this  objective. 


Program  Design 

The  US  Forest  Service  (FS),  State  Forestry,  and  other  agriculture  agencies  cooperate  to  fulfill 
the  FHM  mission  of  developing  and  implementing  a  cooperative  program  to  monitor,  make 
assessments,  and  report  on  the  long-term  status,  changes,  and  trends  in  the  health  of  the 
nation's  forest  ecosystems  (1994  Strategic  Plan).  To  accomplish  the  mission,  FHM  builds  on 
existing  programs,  blends  non-FHM  scientifically  sound  information  with  FHM  information  to 
add  depth  to  our  knowledge  of  forested  ecosystems,  and  utilizes  the  unique  and  diverse 
expertise  of  all  cooperators. 

The  FHM  program  is  comprised  of  interrelated  monitoring  activities:  Detection  Monitoring, 
Evaluation  Monitoring,  Intensive  Site  Ecosystem  Monitoring  (ISEM);  and  Research  on 
Monitoring  Techniques  (ROMT). 

Detection  Monitoring  covers  all  forested  lands  and  has  two  components:  (1)  the  plot 
component,  which  is  a  network  of  permanent  plots  (about  4,600  for  the  50  states;  however, 
not  all  states  are  currently  in  the  program)  on  which  environmental  indicator  measurements  are 
made  annually;  and  (2)  the  survey  component,  which  includes  surveys  of  insect,  disease,  and 
other  stressor  effects,  made  off  the  FHM  plot  network.  The  purpose  of  Detection  Monitoring  is 
to  collect  information  on  the  condition  of  forested  ecosystems,  estimate  baselines  and  trends 
over  time.  Data  from  FHM  plots  and  surveys  are  analyzed  with  other  forest  data  to  determine 
if  changes  have  occurred,  the  cause  of  the  changes,  the  significance  of  the  changes,  and  if 
additional  evaluations  are  warranted. 

Evaluation  Monitoring  examines  the  extent,  severity,  and  probable  causes  of  undesirable 
changes  in  forest  health  beyond  that  provided  in  Detection  Monitoring.  Detailed  information 
from  Evaluation  Monitoring  identifies  likely  cause-and-effect  relationships,  proposes 
associations  between  forest  health  indicators,  provides  more  detailed  information  for  developing 
management  options  to  improve  forest  health,  and  identifies  additional  research  needs  that  can 
be  met  experimentally  or  by  information  from  ISEM. 

Intensive  Site  Ecosystem  Monitoring  conceptually  provides  a  standard  set  of  indicators  that  are 
monitored  in  detail  to  determine  information  on  key  components  and  processes  of  important 
forest  ecosystems.  This  monitoring  occurs  at  selected  sites  and  allows  a  rigorous  evaluation  of 
cause-and-effect  relationships,  identifies  indicators  of  key  processes  that  shape  forested 
ecosystems,  and  provides  biological  and  abiotic  databases  that  support  monitoring  and  forest 
health  related  research  at  these  selected  sites. 
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Research  on  Monitoring  Techniques  (ROMT)  is  research  specifically  directed  to  improve  all 
monitoring  activities  of  the  program.  This  research  helps  identify  new  indicators,  improve 
current  indicators,  evaluate  sampling  designs  and  impacts  from  repeated  sampling,  and  improve 
analytical  and  reporting  methods. 


Detection  Monitoring  -  Plot  Network  and  Sampling  Design 

The  FHM  plot  sampling  design  is  based  on  the  Environmental  Protection  Agency's  (EPA) 
Environmental  Monitoring  and  Assessment  Program  (EMAP)  national  hexagonal  base  grid 
project.  The  grid  has  been  adopted  by  the  FHM  program  and  produces  a  spatially  and 
temporally  systematic  sample  of  approximately  15,000  points  located  17  miles  (27  kilometers) 
apart  for  the  50  states.  Of  the  15,000  sample  points,  approximately  4,600  fall  in  forested 
ecosystems.  Each  FHM  plot  statistically  represents  approximately  158,000  acres  (390,413 
hectares)  of  forested  land.  (See  graphic  designs  of  global,  state/forest,  single  plot 
configuration,  Figures  1,  2,  &  3.) 

Implementation  of  the  plot  network  in  Colorado  is  the  responsibility  of  the  US  Forest  Service, 
Interior  West  Resource  Inventory,  Monitoring  and  Evaluation  Unit,  Ogden,  Utah.  In  1992,  one- 
quarter  of  the  field  plots  were  established  in  Colorado,  with  completion  of  a  cycle  in  1995.  In 
1996,  new  FHM  policy  stated  that  the  year  a  state  was  added  to  the  program,  the  entire  suite 
of  field  plots  would  be  established.  Additionally,  one-third  of  the  plots  from  the  previous  year 
would  be  visited  again  the  following  year.  This  meant  that  in  1996  when  remeasurement  of 
one-quarter  of  the  1992  plots  was  scheduled,  an  additional  one-third  of  the  Colorado  plots 
established  in  1995  was  remeasured  as  well.  There  is  a  total  of  151  FHM  plots  in  Colorado. 

Measurements  on  the  FHM  plots  involve  seven  indicators  or  data  groups:  (1)  forest 
mensuration  indicators  -  tree  growth,  mortality,  and  regeneration;  (2)  crown  condition  - 
dieback,  density,  and  foliage  transparency;  (3)  tree  damage  indicators  -  conks,  excessive 
branching,  resinosis,  etc.;  (4)  lichen  community  composition;  (5)  photosynthetically  active 
radiation  (PAR)  readings;  (6)  vegetative  diversity  ozone  bioindicator  plants;  and  (7)  soil 
indicators  still  under  development.  In  1997,  soil  samples  will  be  taken  on  one-quarter  of  the 
FHM  plots  in  Colorado  (See  Appendix  A). 


Detection  Monitoring  -  Survey  Component 

The  FHM  Survey  Component  in  Colorado  is  the  responsibility  of  the  Forest  Health  Management 
Unit  of  the  Rocky  Mountain  Region  and  is  an  enhancement  of  traditionally  delivered  information 
and  assistance.  Forest  Health  Management  provides  forest  health  technology  transfer  and 
support  directly  to  the  National  Forest  System,  other  federal  forest  resource  managers,  and 
through  state  agencies  to  resource  managers  of  state  and  private  lands. 

The  survey  component  is  intended  to  provide  a  record  of  broad  scale  disturbance  events  on  an 
annual  basis,  complimenting  long-term  trend  information  from  plot  data  and  analysis  and 
establishing  baseline  information.  Methods  by  which  the  survey  component  of  Detection 
Monitoring  are  satisfied  are: 

-  annual  aerial  surveys  to  detect  insect,  disease,  and  abiotic  damage; 

-  ground  surveys  for  specific  insect  and  diseases  such  as  Armillaria  root  disease,  dwarf 
mistletoe,  mountain  pine  beetle  and  Douglas-fir  beetle; 
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-  analysis  of  other  plot-based  data  from  Forest  Inventory  and  Analysis  (FIA),  National 
Forest  inventories,  and  Forest  Health  Management  insect  and  disease  plot  inventories; 

-  Forest  Health  Management  service  trip  reports,  biological  evaluations,  biological 
assessments  and  technical  reports  for  historical  data  or  trends,  and  the  focus  of  this 
report; 

-  utilization  of  aerial  photography  in  appropriate  situations  and  with  specifically  defined 
objectives. 

As  field  plots  were  installed  in  Colorado,  one-quarter  of  the  total  over  4  years,  the  Rocky 
Mountain  Region  Forest  Health  Management  Unit  contracted  with  the  former  Methods 
Application  Group,  currently  known  as  the  Forest  Health  Technology  Enterprise  Team,  to 
acquire  resource  photography  of  the  plots  with  the  intention  of  capturing  vegetative  status 
directly  on  and  adjacent  to  FHM  plots  and  to  provide  a  database  for  future  analyses. 

In  1995,  FHM  plot  installation  and  the  associated  photography  mission  were  completed  for 
Colorado.  In  the  following  months,  with  the  assistance  and  cooperation  of  the  Methods 
Application  Group,  the  Interior  West  Resource  Inventory,  Monitoring,  and  Evaluation  Unit,  and 
the  Rocky  Mountain  Region  Forest  Health  Management  Unit,  protocols  and  techniques  were 
developed  in  support  of  the  eventual  photointerpretative  work  to  be  done  on  the  FHM  plot 
photography. 

The  following  information  is  provided  to  document  the  methods  and  results  of  interpreting  139 
photos,  thus,  establishing  baseline  data  in  support  of  the  FHM  mission.  Of  the  photography, 
12  photographic  series  require  additional  analysis.  In  the  future,  a  series  of  FHM  plot 
photographs  will  again  be  taken  to  compliment  the  1992-1995  FHM  aerial  plot  photography, 
thereby  providing  data  to  evaluate  occurrences  of  trends  and/or  detect  change. 


Materials  and  Methods 

Many  of  the  techniques  used  to  prepare  the  photographs,  equipment  for  interpretation,  and 
basic  photointerpretation  skills  are  well  documented  in  available  natural  resource  manuals,  (i.e., 
Caylor,  1988,  Ward,  1988,  and  Croft,  Heller,  and  Hamilton,  Jr.  1982). 

Aerial  photography  of  FHM  plots  and  photointerpretation  of  those  photos  are  intended  to  assist 
in  the  development  of  baseline  data  for  change  detection  in  forested  ecosystem  where  FHM 
plots  are  located.  The  survey  component  of  Forest  Health  Detection  Monitoring  was 
implemented  using  the  following  specifications  and  parameters  of  aerial  photography  and  the 
corresponding  photointerpretation  of  the  photos  within  a  25-acre  circle  around  the  plot  center. 


Aircraft 

For  1992  and  1993,  the  Methods  Application  Group  used  a  B-80  Beech  Craft  Queen  Air  for 
acquisition  of  aerial  photography.  In  1994  and  1995,  the  same  contractor  used  a  A-100  Beech 
Craft  King  Air. 


Camera 

For  all  years,  a  Zeiss  camera,  model  RMK  21/23,  focal  length  8.25'  was  used  to  acquire  FHM 
photography. 
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Film  and  Processing 

A  film  format  of  9"  X  9'  was  used  for  all  years  with  differences  in  type  of  film  per  year.  In 
1992,  Aerochrome  color  infrared  film  (#2443)  was  used.  For  1993,  1994,  and  1995, 
Aerocolor  negative  film  (#2445)  was  used.  The  color  infrared  film,  #2443,  used  in  1992,  was 
preferred  by  the  interpreter  for  the  more  recognizable  stressor  signatures  and  more  easily 
identified  mortality  as  compared  to  the  true  color  prints,  #2445,  of  the  later  photography. 


Sleeving  Methods 

Forest  Health  Monitoring  plot  photographs  were  placed  in  photo  sleeves  for  protection.  The 
source  of  the  10'  X  10*  -  LHA  (lip/folded  one  side  with  lip  on  opposite  side,  heavy  4.5  mm. 
gauge  material,  acetate)  sleeves  was  the  Picture  Pocket  Company,  San  Marcos,  California. 
Each  photo  was  placed  inside  the  sleeve  and  taped  to  the  back  of  the  sleeve  to  prevent  photo 
movement.  Fiducial  marks  and  frame  numbers  were  outlined  on  the  sleeve  to  register  the 
photo  to  the  sleeve.  Each  photo  was  labeled  with  the  plot  number,  7.5'  quadrangle  map 
name,  originating  year,  and  actual  scale. 


Scale  Equations  for  Photography  and  25-acre  Circle  Template 

To  determine  actual  scale  of  the  aerial  photography,  7.5  minute  orthophoto  and  topographical 
quadrangle  maps  corresponding  to  plot  location  were  used.  The  distance  between  two  points 
on  the  photography  and  two  corresponding  points  on  the  quadrangle  map(s),  where  elevation  is 
the  same,  were  measured.  These  values  were  inserted  into  the  equation,  PSR  =MD(MSR)  / 
PD,  where  PSR  =  photo  scale  reciprocal,  MD  =  map  distance,  MSR  =  map  scale  reciprocol, 
and  PD  =  photo  distance.  The  flying  height  above  mean  sea  level  (MSL)  was  determined  by 
using  the  formula  H  =  f  (PSR),  where  H  =  flying  height  above  ground  level,  and  f  =  focal 
length  of  the  camera.  The  value  for  focal  length  is  usually  found  within  the  title  block  of  an 
aerial  photo.  Once  H  was  calculated,  MSL  was  determined  by  using  the  equation  MSL  =  H  + 
e,  where  e  =  elevation.  MSL  was  calculated  and  written  on  each  plot  photo  of  the  stereo  pair 
for  future  reference  and  more  in-depth  interpretation  such  as  estimating  tree  heights  and 
elevational  differences  within  the  25  acre  analysis  area.  With  a  known  MSL,  the  scale  at  any 
elevation  can  be  determined  by  equation  manipulation.  For  instance,  e  of  plot  center  is 
subtracted  from  MSL  to  determine  a  new  H,  where  H  =  MSL  -  e  @  plot  center.  Knowing  H 
(flying  height  above  ground  level,  and  f  (focal  length),  a  new  PSR  for  plot  center  is  calculated 
using  the  equation,  PSR  =  H/f.  Actual  photo  scale  is  then  PSR  divided  into  1.  The 
corresponding  25-acre  plot  template  was  selected  to  match  the  scale  of  the  plot  center  on  the 
photograph. 

As  cooperators  designed  the  photointerpretation  system  for  the  FHM  aerial  photography,  data 
available  through  photointerpretation  was  evaluated.  Also,  resource  elements  that  would 
compliment  and  be  relevant  to  information  gathered  on  the  plot  and  within  a  larger  traditional 
program  of  Forest  Health  Management  detection  of  insect  and  disease  disturbance  context 
were  recorded.  A  25-acre  circle  around  plot  center  was  designed  to  capture  vegetative  status 
directly  adjacent  to  the  FHM  plot  and  identify  forest  conditions  relative  to  the  plot  hexagon 
design.  Use  of  a  circle  as  an  interpretation  area  is  a  simple  and  uniform  analysis  construct. 
When  employing  the  shape  of  a  circle  for  an  analysis  area,  the  most  important  step  to  follow 
was  selection  of  an  appropriately  scaled  25-acre  template;  orientation  of  the  template  along 
directional  biases  was  eliminated. 
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Photointerpretation  Form 

For  each  photo,  the  interpreter  recorded  specific  information  including  host  type,  mortality,  and 
stressed  trees,  with  general  remarks  for  each  entry. 


Stereoscope  Information 

All  FHM  aerial  plot  photography  was  evaluated  using  an  Old  Delft  Scanning  Stereoscope,  model 
ODSS  III.  Magnification  for  photointerpretation  work  was  4.5X. 


Polygon  Delineation  and  Numbering  Scheme:  Analysis  of  25-acre  area  centered  on  FHM  plot 
center 

Trees  appearing  stressed  or  areas  of  mortality  were  delineated  on  the  acetate  sleeves  using  a 
black  marker  of  ultra  fine  thickness.  Several  trees  in  a  discrete  group  or  clump  were  identified 
with  a  polygon.  Individual  trees  or  a  few  small  trees  together  were  identified  with  a  point. 
Polygons  identifying  contiguous  groups  were  always  identified  even  if  a  section  of  the  polygon 
fell  outside  of  the  analysis  area  of  the  25-acre  circle.  In  this  situation,  only  the  trees  within  the 
25-acre  analysis  area  were  counted.  Polygons  were  numbered  in  a  manner  that  was 
reasonable  to  the  photointerpreter  and  varied  from  interpreter  to  interpreter. 


Tree  Number  Estimates 

Stressed  and/or  dead  trees  were  counted  in  each  point  and  polygon.  When  a  polygon  extended 
outside  of  the  25-acre  analysis  area,  only  the  trees  within  the  template  circle  were  counted. 
Numbers  of  trees  were  estimated  only  when  too  many  trees  were  present  or  too  small  for 
individual  recognition  due  to  limited  resolution.  To  make  estimates,  polygons  were  mentally 
divided  up  into  equal  separate  sections,  all  trees  were  counted  in  one  of  the  sections,  and  tree 
number  was  then  multiplied  by  the  total  number  of  "mental"  polygon  sections  for  total  polygon 
tree  estimate.  If  a  polygon  was  located  inside  or  extending  onto  another  polygon,  trees  were 
labeled  and  counted  separately:  for  example,  different  tree  species;  same  species,  different 
stressor(s);  and/or  dead  trees  within  stressed  tree  polygon. 


Stressor  Agents 

Stressor  agents  or  causal  agents  were  determined  based  on  acquired  photointerpretation  skills, 
knowledge  of  and  experience  with  insect  and  disease  signatures,  and  knowledge  of  historic 
events,  and  presence  of  stressors.  Also,  identification  of  stressors  was  more  accurate  in 
epidemic  situations. 

Of  all  the  stresses  in  the  forested  ecosystems,  subalpine  fir  decline,  which  is  poorly  understood 
but  thought  to  be  a  combination  of  Armillaria  and  other  root  diseases  and  the  western  balsam 
bark  beetle,  in  subalpine  fir  and  corkbark  fir,  was  the  most  identifiable  in  the  FHM  aerial 
photography.  Additionally,  based  on  investigative  knowledge,  this  complex  is  the  most  active 
stressor  in  the  spruce/fir  covertype  throughout  the  inter-mountain  west. 

Other  recognizable  stressors  interpreted  from  the  FHM  aerial  photography  were:  topkill,  most 
commonly  associated  with  the  feeding  patterns  of  western  spruce  budworm  on  Douglas-fir; 
declining  trees  in  lodgepole  pine  and  ponderosa  pine  due  to  mountain  pine  beetle  activity;  and 
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finally,  abiotic  disturbances  of  water  damage  and  wind-throw.  Discoloration  of  aspen  and 
gambel  oak  in  some  ecosystems  was  also  noted;  however,  the  actual  cause  was  not  identified. 

Resources,  such  as  Ward,  James  F.,  1988,  and  very  complete  field  notes  taken  from  the  Forest 
Health  Monitoring  plots,  assisted  in  a  higher  degree  of  photo  evaluation  confidence. 

Ideally,  ground-truthing  and  verifying  the  data  interpreted  from  the  photography  should  occur 
for  calibration  and  training  of  interpreters.  Several  members  of  the  Rocky  Mountain  Forest 
Health  Management  Unit  have  done  ground-truthing  at  a  small  scale.  These  results  have  not 
been  documented. 


Host  Species 

Host  species  data  was  gathered  from  the  Forest  Health  Monitoring  plot  photography  using  field 
notes  and  photointerpretion.  Identification  of  each  species  requires  the  interpreter  to  see 
unique  characteristics  of  each  tree  species  such  as  texture,  color,  size,  and  shadow. 
Additionally,  elevation,  aspect,  regional  knowledge,  and  an  understanding  of  tree  growth 
requirements  were  used  to  determine  species  identification. 

Transitional  and  mixed  stands  were  the  most  difficult  to  evaluate  for  host  species.  In  these 
complex  and  diverse  landscapes,  attempts  to  classify  trees  to  species  were  dismissed. 

Host  species  was  assigned  to  mortality  in  relation  to  the  surrounding  vegetative  composition. 
It  was  assumed  that  the  dead  tree(s)  was  the  same  species  as  the  living  trees  in  the  stand. 
Again,  host  species  of  mortality  in  transitional  and  mixed  stands  were  not  classified. 


Results 

The  Forest  Health  Monitoring  Plot  Photography  of  1992  -  1995  consists  of  139  fully 
interpreted  photo  pairs  and  an  associated  database  establishing  a  baseline  record  of  vegetative 
and  disturbance  conditions.  Of  the  FHM  photography  set,  12  photo  pairs  are  in  a  pre¬ 
interpretation  stage.  In  the  future,  when  a  companion  series  of  FHM  plot  photography  is  taken, 
this  investment  will  pay  off  by  delivering  an  unbiased  comparative  dataset  (2  sets  of 
photography  of  the  same  site)  which  photointerpreters  can  analyze  and  track  long-term  change 
of  Colorado's  forested  ecosystems. 

The  following  results  are  intended  to  be  one  of  the  analysis  components  to  assess  future 
change  in  these  forested  ecosystems. 
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FHM  Photography  •  Mortality  Totals 


5  Total  Mortality  -  Old  and  Raoant 
@  Raoant  Mortality  -  To  tala 
O  Old  Mortality  -  Totala 


The  FHM  Photography  -  Mortality  Totals  graph  represents  the  first  filtering  of  the  data  that 
resulted  in  659  total  polygons  with  mortality,  within  the  total  number  of  polygons,  538 
points/polygons  were  considered  "old',  while  121  points/ploygons  were  considered  "recent' 
mortality.  The  greatest  amount  of  mortality  was  noted  in  lodgepole  pine,  aspen,  and  spruce/fir, 
respectively. 


FHM  Photography  •  Known  Disturbance  within  25-acre  circle 


The  FHM  Photography  -  Known  Disturbance  graph  represents  the  known  disturbance  agents  of 
the  121  individual  trees  recorded  as  "recent”  mortality.  As  shown  in  the  graph,  of  the  121 
recorded  incidences  of  recent  mortality,  46  incidences  were  attributed  to  known  or  specific 
element.  Subalpine  fir  decline  was  attributed  as  the  most  frequent  disturbance  agent  in  the 
photography. 
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FHM  Photography  -  Biotic  Disturbance  Outside  of  25-acre  circle 


The  FHM  Photography  -  Biotic  Disturbance  graph  represents  the  type  of  disturbance  outside  of 
the  25-acre  analysis  area  associated  with  the  plot  photographs.  These  disturbances  may  or 
may  not  influence  plot  conditions  and  are  important  to  record  for  future  reference.  Subalpine 
fir  decline  was  again  the  most  frequently  noted  disturbance. 


FHM  Photography  -  Abiotic  Disturbances  Inside  25-acre  circle 


The  FHM  Photography  -  Abiotic  Disturbance  graph  represents  the  type  of  disturbance  inside  the 
25-acre  analysis  area  associated  with  the  plot  photographs.  These  disturbances  may  or  may 
not  influence  plot  conditions  and  are  important  to  record  for  future  reference.  Fire  and  land 
conversions  will  most  likely  be  activities  associated  with  the  most  disturbance  in  the  future. 
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FHM  Photography  -  Primary  Forest  Type 
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The  FHM  Photography  -  Primary  Forest  Type  was  determined  from  Forest  Health  Monitoring 
field  crew  notes  and  the  major  vegetation  classification  as  observed  during  plot  installation. 
Pinyon-juniper  was  the  most  common  type  followed  by  spruce-fir  and  aspen. 


Conclusion  and  Recommendations 

Repeat  aerial  photography  of  the  FHM  plots  will  achieve  the  desired  objective  of  monitoring 
long-term  change  in  a  forested  ecosystem.  Aerial  photography  has  several  characteristics 
which  make  it  advantageous  for  tracking  change;  standardization  of  the  data  -  most 
photographic  features  are  available  to  repeat  photography  yielding  comparable  data  sets;  large 
quantities  of  information  are  captured  in  photography  which  can  be  interpreted  in  different 
ways;  new  photointerpretation  skills  or  techniques  may  be  applied  to  photography  if  developed 
in  the  future;  and  ultimately,  if  photography  is  kept  in  good  condition,  evidence  of  large  scale, 
long-  term  change  over  time  is  documented. 

Aerial  photography  can  be  a  reasonable  allocation  of  resources  when  repeated  photography 
serves  to  balance  two  critical  decision  elements:  monetary  investment  and  appropriate  repeat 
intervals  which  capture  change  in  the  natural  system.  For  example,  if  disturbance  regimes  in 
Colorado  forest  systems  are  used  to  determine  repeat  photography  intervals,  short  interval 
disturbance  regimes,  such  as  the  ponderosa  pine  type  would  be  photographed  every  5  to  10 
years,  contrasted  with  subalpine  fir  forest  disturbance  regimes  of  100  to  200  years.  However, 
as  interpreted  from  the  initial  set  of  FHM  photography,  the  subalpine  fir  forests  appear  to  have 
more  mortality  at  this  time.  In  any  event,  several  pressures  besides  fire,  insects,  diseases,  and 
other  abiotic  disturbance  events  are  changing  the  forests.  In  some  cases,  these  changes  are 
occurring  at  accelerated  rates  and  independent  of  the  regulating  effects  of  natural  disturbance. 
Management  objectives  of  the  land  should  also  be  part  of  the  photography  decision  criteria. 
For  instance,  plots  located  within  areas  designated  as  wilderness  may  not  need  to  be 
photographed  as  regularly  as  Colorado  Front  Range  plots. 
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Obtaining  the  best  value  from  FHM  plot  repeat  photography  requires  evaluation  of  several 
factors  in  relation  to  each  other.  The  first  year  a  state  is  brought  into  the  program,  baseline 
photography  should  be  encouraged.  After  the  first  year,  budgets,  change  probabilities, 
disturbance  regimes  and  patterns,  will  dictate  FHM  plot  photography  repeat  intervals.  To  date, 
a  schedule  for  Region  2  FHM  plot  repeat  photography  for  Colorado  is  in  the  analysis  phase. 

Recommendations  for  future  FHM  photography  acquisition  are  as  follows: 

-  Colorado  topography  and  associated  vegetation  are  sufficiently  addressed  by 
using  a  scale  range  of  1 :6,000  to  1 :7,500  for  aerial  photography; 

-  areas  of  known  disturbance  are  potential  candidates  for  "regular* 
photography;  "regular"  is  defined  by  specific  regional/local  resources; 

-  use  FHM  field  crew  notes  to  document  and  determine  the  need  for  repeat 
photography;  integrate  field  observations  into  photo  acquisition  program; 

-  add  an  abiotic  disturbance  category  to  the  photointerpretation  data  sheet; 

-  use  GIS  capabilities  when  possible,  particularly  to  assess  acreage  totals; 

-  integrate  information  from  other  detection  sources,  such  as  aerial  survey,  to 
trigger  photography  or  a  physical  monitoring  of  the  FHM  plot; 

-  a  comprehensive  aerial  photographic  and  interpretative  program  must 
include  ground  visits  by  the  interpreter  to  verify  accuracy  -  quality  control. 


The  following  sections  of  this  report  represent  the  conceptual  framework  of  the  FHM  network 
and  graphics  of  plot  location  in  Colorado,  what  a  plot  looks  like  and  design  elements  of  every 
FHM  plot.  Part  of  the  photointerpretation  design  for  the  photography  was  a  mylar  template  and 
datasheet  which  are  also  including  for  documentation  purposes.  Finally,  two  tables  of  actual 
data  obtained  from  the  photography  is  included,  as  well  as  a  list  of  plot  indicators  recorded  on 
every  plot. 
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Figure  1 


National  FHM  Field  Plot  Design 


, . . . PMM  ^ 

f  V  <■•  ,*/:■,?:■/>  v\v<*  ><<  pglg  >'?<  |  '  Sfepjf 


Figure  2 


National  FHM  Plot  Layout 
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Figure  3 


Figure  4 
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Table  2 


Photointerpretation  Comments  -  within  25-acre  circle 


Plot  Number  Comments  -  Within  25  acre  circle 


3710321 

ravine  bottom  with  oak  and  one-seeded  juniper,  disturbance:  small  dirt 
road,  dry  rocky  site,  gentle  to  steep  slopes,  all  aspects. 

3710345 

mostly  one-seed  juniper  with  scattered  common  pinyon  and  Rocky  mtn. 
juniper,  small  part  of  circle  disturbed  by  check-dam  building,  steep,  rocky 
canyonside.  NW  to  NE  aspects. 

3710353 

steep,  dense,  north  facing  pinyon  and  juniper,  also  -  open,  south  facing 
ponderosa  pine,  disturbance:  road 

3710365 

open  stand  of  Utah  juniper,  no  mortality  found,  disturbance:  jeep  road 

3710414 

mostly  gambel  oak  with  scattered  common  pinyon  and  Rocky  Mountain 
juniper,  aspect:  NW  to  NE  slope:  moderate  (approx.  35%). 

3710416 

mostly  gambel  oak  and  Rocky  Mtn.  juniper,  some  pinyon,  Ponderosa, 
Doug.-fir  and  white  fir.  disturbance:  minor  trail.  E,  W,  and  N  aspects, 
moderate  to  steep  slopes. 

3710436 

pinyon  and  juniper  with  gambel  oak.  disturbance:  roads,  powerline, 
structures,  no  field  data  was  available  for  the  photo-interpretation. 

3710448 

Interpretation  done  without  field  notes,  most  likely  spruce-fir  w/  assoc. 
Doug.-fir  and  white  fir.  aspect:  west 

Plot  Number  Comments  -  Within  25  acre  circle 


3710488 

all  gambel  oak.  disturbance:  fences,  grazing 

3710532 

low  incidence  of  scattered  mortality  found,  disturbance:  major  unpaved 
road,  steep  valley  side  consisting  of  dense  aspen,  spruce-fir,  and  an  open 
stand  of  bristlecone  pine,  elevation  =  10,500  ft.  steep  slopes,  E,  SE,  and  S 
aspects. 

3710552 

scattered  aspen  in  an  open  valley  bottom,  also,  some  scattered  Doug.-fir 
and\or  white  fir.  disturbance:  roads 

3710615 

spruce-fir  and  aspen  with  large  openings,  steep  slopes,  southerly  aspects 

3710623 

open  stand  of  limber  pine  and  Doug.-fir. 

3710627 

Doug.-fir/white  fir  mix  with  some  aspen  and  scattered  oak.  small  stream, 
disturbance:  small  road  or  trail.  N,  W,  and  S  aspects,  moderate  slopes. 

3710643 

mostly  open  with  scattered  Doug.-fir,  Ponderosa  and  oak.  disturbance: 
small  dirt  road.  N  and  S  aspects,  gentle  to  moderate  slopes,  elevation: 

8,875  ft.  dry  site. 

3710647 

transition  zone.  Engelmann  spruce,  Doug.-fir,  white  fir,  and  aspen. 

3710655 


Plot  Number  Comments  -  Within  25  acre  circle 


mostly  corkbark  fir  -  Englemann  spruce  with  some  aspen,  gentle  to 
moderate  slopes,  all  aspects,  disturbance:  small  road 

3710667 

low  incidence  of  old  mortality  and  no  new  mortality,  dense  stand  of  spruce- 
fir  (mostly  spruce).  NW  aspects,  moderate  slopes,  elevation:  10,800  ft. 

3710712 

mix  of  ponderosa,  juniper,  aspen  and  gambel  oak. 

3710716 

pinyon/juniper  type  w/  open  shrublands.  small  reservoir  within  circle 
(disturbance),  gentle  slopes,  south,  west  and  east  aspects. 

3710724 

dry  site  consisting  of  Ponderosa  pine. 

3710731 

half  riparian  type,  half  ponderosa/gamble  oak  type,  southwest  to  west 
aspects,  gentle  to  moderate  slopes,  disturbance:  minor  road/jeep  trail 

3710736 

gambel  oak  and  Doug.-fir.  disturbance:  cleared  land. 

3710743 

moderate  amount  of  scattered  mortality,  spruce-fir  type,  disturbance: 
previously  logged;  roads.  W  aspects,  moderate  slopes,  elevation:  9,800  ft. 

3710748 


Plot  Number  Comments  -  Within  25  acre  circle 


transition  zone.  Doug.-fir,  aspen,  subalpine  fir  and  Engelmann  spruce. 

3710751 

mostly  open  with  some  scattered  spruce-fir  (krumholtz).  steep,  exposed 
slope,  west  to  southwest  facing,  field  notes  not  available  for  this 
interpretation,  typical  scattered  spruce-fir  mortality  found  throughout  photo. 

3710771 

mix  of  Douglas-fir  and  Englemann  spruce  (transition  zone).  Dry,  poor, 
exposed  site,  south  to  southwest  aspects,  moderate  to  steep  slopes. 

3710783 

no  stress  or  mortality  found  within  the  25  acre  circle,  circle  just  above  flood 
plain,  mostly  open  with  isolated  dense  aspen  patches  and  scattered 
Englemann  spruce  .  N  aspects,  moderate  slopes,  disturbance:  small  roads 

3710824 

common  pinyon  and  Utah  juniper,  pinyon  black  stain  apparant  throughout, 
disturbance:  jeep  trail 

3710832 

woodland,  mostly  gamble  oak  with  scattered  ponderosa  pine  and  an 
occasional  pinyon  pine,  southeast  to  west  aspects,  gentle  slopes, 
disturbance:  road 

3710844 

open  stand  of  Ponderosa.  disturbance:  small  roads,  stockpond  (grazing  ?). 
all  aspects,  gentle  slopes,  elevation:  7,500  ft. 

3710852 

Douglas-fir,  ponderosa,  aspen  and  gambel  oak.  aspect:  east  through  south. 

3710856 


Plot  Number  Comments  -  Within  25  acre  circle 


gambel  oak,  common  pinyon,  and  Utah  juniper,  disturbance:  part  of  the 
circle  is  a  cleared  field  (approx.  7  acres),  north,  east  and  south  aspects 
(mostly  east),  gentle  slopes. 

3710858 

open  stand  of  common  pinyon  and  Utah  juniper. 

3710864 

gambel  oak  with  occaisonal  Ponderosa.  (three  off  plot  Ponderosa  faders 
are  marked),  disturbance:  stockpond/grazing 

3710872 

Englemann  spruce/corkbark  fir.  logged  around  10  years  previous 
(disturbance),  southerly  aspects,  gentle  slopes. 

3710876 

mostly  gamble  oak  with  scattered  pinyon  and  ponderosa  pine,  aspect:  north 
to  east  facing,  moderate  slope,  disturbance:  jeep  trail 

3710888 

common  pinyon  and  Utah  juniper,  disturbance:  mining 

3810487 

mostly  gamble  oak  with  ponderosa  and  scattered  pinyon  in  an  urban  park 
(disturbance),  all  aspects,  gentle  to  moderate  slopes. 

3810512 

aspen,  Englemann  spruce,  subalpine  fir,  and  limber  pine. 

3810516 


Plot  Number  Comments  >  Within  25  acre  circle 


3810524 

no  damage  or  old  mortality.  Englemann  spruce,  primarily  krumholtz. 
disturbance:  area  near  circle's  edge  burned  a  long  time  ago.  harsh 
subalpine  site,  southerly  aspects,  moderate  slopes. 

mostly  open  range  with  common  pinyon.  no  mortality  or  stress  found  in 
photo,  south  facing,  gentle  slope,  disturbance:  cleared  land 

3810531 

no  stress  or  old  mortality  evident,  open  rangeland  with  a  small,  forested 
mesa  side  slope  consisting  of  pinyon  and  juniper,  disturbance:  roads, 
grazing.  W,  NW  aspects,  gentle  to  moderate  slopes,  elevation:  5,820  ft. 

3810536 

open,  rocky  area  with  gambel  oak,  pinyon  and  juniper. 

3810548 

common  pinyon  and  RM  juniper,  all  aspects,  gentle  to  moderate  slopes, 
disturbance:  roads 

3810551 

dry,  rocky  site,  pinyon  and  juniper. 

3810556 

no  recent  damage  or  old  mortality,  dry  site,  steep  hillside  with  Englemann 
spruce,  limber  and  bristlecone  pines,  aspen  and  Douglas-fir.  openings  and 
rocky  outcrops.  N  to  NE  aspects,  moderate  to  steep  slopes. 

3810563 

mostly  open  rangeland  with  gambel  oak,  ponderosa  pine,  and  common 
pinyon.  all  aspects,  moderate  slopes,  disturbance:  jeep  trails 

3810571 


Plot  Number  Comments  -  Within  25  acre  circle 


3810615 

no  significant  stress  or  mortality,  an  old  bum  is  evident  (disturbance) 
throughout  most  of  photo,  rocky  outcrop  consisting  of  Englemann  spruce, 
limber  and  bristlecone  pines,  and  aspen,  southerly  aspect,  steep  slope, 
elevation:  10,800  ft. 

Englemann  spruce  w/  patches  of  aspen  and  a  few  limber  pines.  Old  logging 
area  with  good  regeneration  (disturbance),  most  trees  sapling  to  pole  sized, 
west  to  northwest  aspects,  gentle  slopes. 

3810632 

beaver  ponds,  willow,  Englemann  spruce,  subalpine  fir,  lodgepole  and 
aspen,  north  and  south  aspects,  moderate  slopes,  elevation:  10,000  ft. 

3810634 

low  stocked  mix  of  ponderosa,  lodgepole,  Doug.-fir  and  aspen,  all  aspects, 
gentle  slope. 

3810652 

mixed  stand,  transition  zone,  lodgepole,  Ponderosa,  Doug.-fir  Engelmann 
spruce,  aspen. 

3810666 

extremely  low  incidence  of  recent  and  old  mortality  throughout  photo, 
dense  stand  of  aspen  with  an  occasional  spruce  or  fir.  S  to  SW  aspects, 
moderate  slopes,  elevation:  10,100  ft. 

3810672 

mostly  developed  with  houses,  roads,  and  cleared  fields  (disturbance), 
narrow  riparian  strip  bisects  plot,  no  slopes,  aspects. 

3810678 

open  grassland,  small  aspen,  some  clumps  of  spruce-fir,  a  riparian  area,  all 
aspects,  gentle  slopes,  disturbance:  fencing,  grazing 

3810684 


Plot  Number  Comments  -  Within  25  acre  circle 


3810686 

steep  canyon  bottom  and  surrounding  slopes,  aspen,  lodgepole, 

Englemann  spruce,  and  limber  pine,  south,  west  and  north  aspects, 
moderate  to  steep  slopes,  disturbance:  road 

open  stand  of  lodgepole  w\  scattered  spruce  and  fir.  a  moderate  amount  of 
old,  scattered  lodgepole  mortality  found  throughout,  possible  dwarf 
mistletoe,  circle  is  the  upper  end  of  a  minor  drainage,  gentle  to  moderate 
slopes,  all  aspects.  10,900  ft. 

3810711 

Engelmann  spruce  and  aspen  w/  open  talus,  all  aspects,  moderate  slopes. 

3810715 

rocky  and  steep,  spruce-fir  stand,  east  facing 

3810723 

open  stand  of  Ponderosa. 

3810731 

mix  of  Douglas-fir,  aspen  and  Englemann  spruce,  northerly  aspects,  gentle 
to  moderate  slopes. 

3810763 

spruce-fir  with  some  aspen. 

3810767 

common  pinyon  and  Utah  juniper  on  a  mesa  top  and  minor  draw,  the  p/j 
stand  is  relatively  open  on  the  mesa  top  and  fairly  dense  on  the  steeper 
slopes  of  the  small  draw,  disturbance:  small  road,  firewood  cutting.  NW  to 

NE  aspects,  gentle  to  moderate  slopes. 

3810775 


Plot  Number  Comments  -  Within  25  acre  circle 


high  altitude  (elevation  =  11,200  ft.)  Engelmann  spruce  and  subalpine  fir 
stands,  large  dbh  to  krumholtz  in  size,  very  steep  slope  (approx.  90%)  and 
rocky,  all  aspects. 

3810782 

scattered  aspen  mortality,  aspen  and  gamble  oak  and  openings,  all 
aspects,  gentle  slopes,  disturbance:  Kebler  pass  road  bisects  circle. 

3810812 

ponderosa  pine  with  pinyon  and  juniper,  flat,  open  mesa  top.  all  aspects,  no 
field  data  available  for  photo  interp.  disturbance:  roads,  fencing,  grazing 

3810816 

pinyon/juniper  type,  mesa  top  and  steep  north-facing  canyon  wall,  gentle  to 
steep  slopes. 

3810824 

common  pinyon  and  Utah  juniper. 

3810828 

common  pinyon  and  Utah  juniper,  xeric  site,  small  mesa  between 
goosenecks  (of  a  river)  and  a  steep,  cliffed-out  canyon  slope  of  the  Dolores 
river,  no  damage  visible,  all  aspects,  slope  from  moderate  to  vertical, 
elevation:  5,800  ft. 

3810836 

riparian  area  consisting  of  nanrowleaf  cottonwood  and  willow. 

3810843 

mainly  aspen  with  some  Ponderosa  pine  and  Doug.-fir.  moderate  amounts 
of  old  standing  aspen  mortality,  disturbance:  aspen  previously  logged,  old 
skidder  trails  evident,  north  aspects,  gentle  slopes,  elevation:  8,700  ft. 

3810856 

Plot  Number  Comments  -  Within  25  acre  circle 


healthy  looking  aspen  stand,  east  aspect,  gentle  slope,  disturbance:  roads, 
fencing,  grazing 

3810863 

common  pinyon  and  Utah  juniper. 

3810868 

low  incidence  of  old  and  new  mortality,  common  pinyon  and  Utah  juniper, 
rocky,  dry  site,  all  aspects  (predominatly  E-SE).  steep  slopes,  elevation: 
6,040 

3810875 

mainly  ponderosa  pine  with  some  some  RM  juniper,  gambel  oak  and 
aspen,  gentle  slopes,  all  aspects  (mainly  easterly),  disturbance:  roads, 
grazing 

3810888 

open  pinyon  and  juniper,  disturbance:  cleared  land,  roads,  fencing 

3910424 

plot  consists  of  some  Ponderosa  pine  scattered  along  drainage, 
disturbance:  cleared  land,  roads,  fencing 

3910436 

ponderosa  and  gambel  oak  with  cleared  pastureland  and  structures 
(disturbance),  gentle  slopes,  all  aspects.  No  field  data  used  for  PI. 

3910458 

stand  of  gambel  oak.  disturbance:  road 

3910511 


Plot  Number  Comments  -  Within  25  acre  circle 


Ponderosa  pine/  Doug.-fir  mix  with  some  aspen  and  an  occasional  limber 
pine,  appears  to  be  an  area  of  old  budworm/DFB  activity,  disturbance: 
highway;  road 

3910523 

ponderosa  growing  on  a  poor  site,  gentle  to  moderate  slopes,  all  aspects 
(mainly  east  through  south). 

3910535 

lodgepole\Engelmann  spruce  mix.  disturbance:  mostly  an  old  leave-tree  cut 
with  some  clear  cut  areas  (early  1970's?).  The  re-gen  appears  to  be  in  good 
shape. 

3910543 

canyon  bottom  w/  surrounding  steep  slopes.  Douglas-fir  and  ponderosa 
pine,  all  aspects  (although  mostly  east  and  west),  moderate  to  steep  slopes, 
disturbance:  road 

3910547 

moderate  slope,  west  aspect,  elevation  =  10,500  ft.  disturbance:  road 

3910555 

no  significant  stress/mortality,  limber,  lodgepole  and  E.  spruce,  poor,  rocky 
site,  south  facing,  moderate  slopes. 

3910562 

Doug.-fir  on  the  north  facing  slope,  open  pinyon  and  gambel  oak  on  the 
other  aspects,  moderate  slopes.  E,  S,  and  N  aspects. 

3910567 

dense  stands  of  spruce-fir  w/  some  limber  pine,  north  aspects,  steep  slope. 

3910574 


Plot  Number  Comments  -  Within  25  acre  circle 


3910587 

predominately  lodgepole  w\  some  Douf.-fir  and  aspen.  Ponderosa  seen  on 
open,  south-facing  slopes,  polygons  appear  to  consist  mainly  of  old 
lodgepole  mortality,  but  could  also  be  old  Doug.-fir  mortality  (old  budworm). 
disturbance:  parking  lot,  power  line 

mostly  lodgepole  (2nd  growth  after  clearcut  [disturbance])  with  widespread 
old  mortality  (33%-50%)  and  some  spruce  in  the  drainage  bottom,  gentle  to 
moderate  slopes,  all  aspects,  elevation  =  9,200  ft.  no  field  notes  were 
available  for  the  PI. 

3910611 

stand  of  Engelmann  spruce. 

3910626 

very  little  recent  or  old  mortality,  a  few  faders.  lodgepole  with  spruce-fir  in 
scree  and  rocky  outcrops,  all  aspects  (predominatly  S  facing),  steep  slopes, 
elevation:  10,500  ft. 

3910636 

riparian  area,  aspen  stands,  lodgepole,  and  an  old  thinning  unit 
(disturbance). 

3910643 

lodgepole  stand  with  aspen,  rocky  talus  outcrop,  north  and  west  aspects, 
moderate  to  steep  slopes. 

3910658 

gambel  oak  (on  the  south  facing  slope),  Doug.-fir  &  white  fir  (in  the 
drainage  bottom),  and  aspen  (on  the  north  facing  slopes),  moderate  to 
steep  slopes,  south  and  north  aspects,  elevation  =  8,200  ft.  disturbance: 
road 

3910663 

subalpine  zone,  rocky  outcrops  and  talus,  spruce-fir.  moderate  to  steep 
slopes,  south  to  southwest  aspects,  elevation  =  11,000  ft. 

3910671 


Plot  Number  Comments  -  Within  25  acre  circle 


low  to  moderate  amounts  of  old  standing  dead  lodgepole  scattered 
throughout,  mostly  lodgepole  with  a  few  fingers  of  spruce-fir.  W  to  NW 
aspects,  moderate  to  steep  slopes,  elevation:  10,150  ft. 

3910715 

aspen  and  gamble  oak  .  all  aspects,  gentle  slope,  disturbance:  roads 

3910727 

scattered  subalpine  fir  faders  (SAF  decline)  throughout  (mainly  smaller 
trees,  dbh<8.0).  spruce-fir,  aspen  and  open,  non-forested  areas,  northerly 
aspects,  moderate  slopes. 

3910734 

all  aspen,  gentle  to  moderate  slopes.  E,  S,  and  W  aspects  (mostly  south), 
elevation  =  8,900  ft. 

3910742 

pinyon/juniper,  gamble  oak,  cottonwood,  disturbance:  cleared  land, 
structure,  powerline,  major  road,  mostly  N  facing,  level  and  steep  slopes. 

3910746 

open  shrubland  w\  assoc.  Utah  juiper,  common  pinyon  and  gambel  oak. 
disturbance:  cleared  land,  roads 

3910762 

open  grass,  open-grown  Doug.-fir.  aspen  stands  and  Doug.-fir\aspen  mix. 

3910774 

mostly  open  with  clumps  of  spruce-fir.  rocky  to  marshy,  gentle  slopes,  west 
to  south  aspects,  elevation  =  10,600  ft. 

3910778 


Plot  Number  Comments  -  Within  25  acre  circle 


Douglas-fir  (north  facing)  and  pinyon/juniper  (south  facing),  north  and  south 
aspects,  steep  slopes. 

3910811 

mainly  aspen  with  some  spruce,  open  grass  and  marshland,  flat  to  gentle 
slopes,  elevation  =  9,950  ft.  no  field  data  available  for  PI.  disturbance: 
reservoir  construction 

3910835 

mix  of  gambel  oak,  common  pinyon  and  Utah  juniper,  slopes  gentle  to 
steep,  all  aspects,  elevation  =  6,600  ft. 

3910843 

entirely  Utah  juniper,  very  low  incidence  of  recent  or  old  mortality,  all 
aspects,  moderate  slopes,  elevation:  5,450  ft. 

3910847 

gambel  oak  with  pinyon\juniper  growing  amongst  rocky  outcrops. 

3910851 

steep  valley  bottom  with  gamble  oak  and  Doug.-fir  on  the  exposed  south 
facing  slope  and  aspen,  blue  spruce  and  Doug.-fir  on  the  northern  aspects, 
steep  slopes,  all  aspects,  elevation  =  7,600  ft.  disturbance:  road 

3910855 

consists  of  an  aspen  stand,  an  open  field,  and  scattered  Douglas-fir.  north 
and  east  aspects,  moderate  to  steep  slopes,  disturbance:  road 

3910867 

scattered  old  p\j  mortality  (low)  found  throughout,  (‘dead  and  downed  trees 
were  not  tallied  in  the  data),  pinyon  and  juniper  type  with  gamble  oak 
located  on  a  hilltop,  all  aspects,  moderate  slopes,  elevation:  7,000  ft. 

3910875 

Plot  Number  Comments  -  Within  25  acre  circle 


dense  stand  of  gambel  oak  on  the  north  facing  slopes  and  common  pinyon 
on  the  southern  aspects,  no  significant  damage  or  mortality,  disturbance: 
minor  road 

3910883 

common  pinyon  and  Utah  juniper,  small  number  of  old  standing  dead 
visible  -  no  recent  activity.  NW  to  NE  aspects,  gentle  to  moderate  slopes, 
elevation  =  6,500  ft. 

4010514 

mix  of  Doug.-fir,  Ponderosa  and  Rocky  Mtn.  juniper,  contains  many  old 
dead  DF  from  the  front  range  spruce  budworm  outbreak  of  the  1980's, 
disturbance:  roads,  structures,  dry,  open  site  (w/  a  small  riparian  zone).  S 
aspects,  steep  slopes,  elevation  =7,600 

4010534 

Douglas-fir,  ponderosa  pine,  and  rocky  mountain  juniper,  some  of  the 
described  mortality  (see  PI  data  records)  may  be  ponderosa.  mortality  most 
likely  from  the  budworm  outbreak  of  the  1980's,  a  very  low  incidence  of 
recent  beetle  activity  can  be  seen. 

4010538 

dense  lodgepole,  small  stream  w/  a  few  spruce  and  scattered  aspen,  some 
scattered  old  mortality  (low),  generally  west  aspects  and  moderate  slopes. 

4010546 

dry,  steep  south  facing  slope  with  a  many  species  mix  -  predominately 
lodgepole  pine,  elevation  =  10,200  ft. 

4010554 

low  incidence  of  old  mortality,  dense  lodgepole  with  aspen  in  the  drainage 
bottoms,  disturbance:  homes,  small  roads,  all  aspects,  gentle  to  moderate 
slopes,  elevation:  8,300  ft. 

4010558 

Engelmann  spruce,  subalpine  fir,  lodgepole  pine  and  aspen,  disturbance: 
road 

4010566 


Plot  Number  Comments  -  Within  25  acre  circle 


mostly  lodgepole  pine  with  a  few  Douglas-firs.  north, east  and  south 
aspects,  gentle  slopes. 

4010578 

two  lodgepole  stands:  one  a  doghair,  the  other  more  open  on  a  drier  site 
plus  a  couple  of  aspen  fingers,  very  light  mortality  scattered  throughout, 
various  aspects,  gentle  slopes,  elevation  =  8,400  ft. 

4010586 

mainly  second  growth  and  doghair  lodgepole  (disturbance),  north  and  east 
aspects,  gentle  slopes,  elevation  =  8,600  ft. 

4010611 

Douglas-fir  w\  lodgepole  and  aspen. 

4010615 

lodgepole.  Three  distinct  veg. patterns:  1)  clear  cut  w/  good  regeneration.  2) 
leave  tree  cut  3)  uncut,  mistletoe  infested  stand  (causal  agent  determined 
from  field  notes)  disturbance:  logging:  roads.  SE  to  SW  aspects,  gentle 
slopes,  elevation  =  9,600  ft. 

4010617 

aspen  with  open  grass.  SW  to  W  aspects,  moderate  slopes,  elevation  = 
9,400  ft. 

4010623 

doghair  lodgepole  and  aspen  with  some  Doug.-fir  and  spruce-fir.  south  to 
west  aspects,  gentle  slopes,  elevation  =  9,000  ft. 

4010627 

transition  zone  -  mix  of  lodgepole,  Douglas-fir,  Englemann  spruce, 
subalpine  fir  and  aspen,  northerly  aspects,  gentle  to  moderate  slopes. 

4010667 


Plot  Number  Comments  -  Within  25  acre  circle 


doghair  lodgepole,  spruce-fir,  and  aspen,  north,  east  and  west  aspects, 
gentle  slopes,  disturbance:  minor  road 

4010682 

lodgepole,  mainly  a  dense  doghair  thicket  with  a  low  level  of  mortality 
throughout,  also  some  associated  aspen  and  open  meadows  on  a  ridgetop. 
all  aspects,  gentle  slope. 

4010687 

mix  of  lodgepole  and  spruce-fir  type  with  scattered  aspen,  east  through 
west  aspects,  flat  to  gentle  slopes,  elevation  =  8,800  ft. 

4010714 

aspen  stands,  open  meadows,  and  some  (blue?)  spruce  in  the  drainage, 
southeast  aspect,  moderate  slope. 

4010722 

spruce-fir  type,  faders  =  SAF  decline. 

4010726 

mosaic  of  gentle-sloped  aspen  and  gamble  oak,  steep  rocky  rift  w/  Doug.-fir 
and  spruce  fir.  disturbance:  stock  ponds  -  water  damage  from  check-dam 
construction  caused  a  significant  amount  of  mort..  widespread  aspen  mort. 
throughout.  N-NW  aspects.  8000  ft 

4010761 

mostly  aspen  and  gambel  oak  with  scattered  subalpine  fir.  denser  stands  of 
subalpine  in  south  end  of  circle  and  extending  outside,  disturbance:  roads, 
numerous  cattle  trails,  grazing 

4010773 

open  stand  of  spruce-fir.  gentle  slope,  all  aspects,  elevation  =  9,400  ft. 

4010822 


Plot  Number  Comments  -  Within  25  acre  circle 

open  shrubland  with  Utah  juniper,  disturbance:  jeep  road 


4010847 

open  shrubland  with  Utah  juniper 


4010882 

no  damage/mortaiity  visible,  very  dry,  poor  site  with  only  a  few  trees.  Utah 
juniper,  all  aspects,  moderate  slopes,  elevation  =  6,500  ft. 
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Appendix  A 


Subplot  Condition  List  9  classes  90%  agreement 

Subplot  Center  Condition  9  classes  90%  agreement 

Microplot  Center  Condition  9  classes  90%  agreement 

Subplot  Offset  2  classes  90%  agreement 

Microplot  Offset  2  classes  90%  agreement 
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Appendix  A 


Crown  Class  5  classes  85%  agreement 

Seedling  Count  number  90%  <§>  +  /  -  3 

Crown  Vigor  Class  3  classes  90%  agreement 
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